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(57) A plasma display apparatus and driving method
thereof, implementing gray levels, has a plasma display
panelin which a plurality of scan electrodes and a plurality
of sustain electrodes are formed on a substrate, drivers
for driving the plurality of the scan electrodes and the
sustain electrodes, and a sustain pulse controller for con-
trolling the drivers to set a total number of sustain pulses

Plasma display apparatus and driving method thereof

applied to the scan electrodes and the sustain electrodes
to be at least one or more of a plurality of sub-fields in
which a sub-field having an odd number constitutes one
frame. The arrangement canimplement afiner gray level.
Accordingly, half-tone noise when implementing a low
gray level can be reduced and the picture quality can be
improved.
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Description

[0001] The present invention relates to a plasma dis-
play apparatus and driving method thereof. It more par-
ticularly relates to a plasma display apparatus realizing
gray levels and a driving method thereof.

[0002] In a conventional plasma display panel, a bar-
rier rib formed between a front panel and a rear panel
forms one unit cell. Each cell is filled with a primary dis-
charge gas, such as neon (Ne), helium (He) or a mixed
gas of Ne and He, and an inert gas containing a small
amount of xenon. If the inert gas is discharged with a
high frequency voltage, it generates vacuum ultraviolet
rays. The vacuum ultraviolet rays excite phosphors
formed between the barrier ribs, thus implementing im-
ages. This plasma display panel can be manufactured
to be light brightness weight, and has thus been consid-
ered one of the next-generation display devices.

[0003] FIG. 1 illustrates the construction of a conven-
tional plasma display panel. As shown in FIG. 1, the plas-
ma display panel comprises a front panel 100 and a rear
panel 110. In the front panel 100, a plurality of sustain
electrode pairs in which a plurality of scan electrodes 102
and sustain electrodes 103 form pairs are arranged on
afront glass 101, i.e., a display surface on which images
are displayed. In the rear panel 110, a plurality of address
electrodes 113 disposed to intersect the plurality of sus-
tain electrode pairs are arranged on a rear glass 111,
i.e.,arearsurface. The front panel 100 and the rear panel
110 are parallel to each other with a predetermined dis-
tance therebetween.

[0004] The front panel 100 comprises the pairs of scan
electrodes 102 and sustain electrodes 103, which mutu-
ally discharge each other and maintain the emission of
a cell in one discharge cell. In other words, each of the
scan electrode 102 and the sustain electrode 103 has a
transparent electrode "a" made of a transparent ITO ma-
terial and a bus electrode "b" made of a metal material.
The scan electrodes 102 and the sustain electrodes 103
are covered with one or more upper dielectric layers 104
for limiting the discharge current and providing insulation
among the electrode pairs. A protection layer 105 having
magnesium oxide (MgO) deposited thereon is formed on
the dielectric layers 104 to facilitate a discharge condi-
tion.

[0005] In the rear panel 110, barrier ribs 112 of stripe
form (or well form), for forming a plurality of discharge
spaces, i.e., discharge cells are arranged parallel to one
another. A plurality of address electrodes 113, which gen-
erate vacuum ultraviolet rays by performing an address
discharge, are disposed parallel to the barrier ribs 112.
R, G and B phosphors 114 that emit a visible ray for
displaying images during an address discharge are coat-
ed on a top surface of the rear panel 110. A low dielectric
layer 115 for protecting the address electrodes 113 is
formed between the address electrodes 113 and the
phosphors 114.

[0006] A method of implementing images gray levels

10

15

20

25

30

35

40

45

50

55

in the conventional plasma display panel constructed
above will be described below with reference to FIG. 2.
[0007] FIG. 2illustrates a method of implementing im-
age gray levels in the conventional plasma display panel.
[0008] As shown in FIG. 2, to implement image gray
levels in the conventional plasma display panel, one
frame is divided into several sub-fields, each sub-field
having a different number of emissions. Each sub-field
is subdivided into a reset period RPD for initializing the
entire cells, an address period APD for selecting a cell
to be discharged, and a sustain period SPD for imple-
menting gray levels depending on the number of dis-
charges. For example, to display images with 256 gray
levels, a frame period (16.67ms) corresponding to 1/60
seconds is divided into eight sub-fields SF1 to SF8, as
shown in FIG. 2. Each of the eight sub-fields SF1 to SF8
is again divided into a reset period, an address period
and a sustain period.

[0009] Theresetperiodandthe address period of each
sub-field are the same. An address discharge for select-
ing a cell to be discharged is generated due to a voltage
difference between the address electrodes and the scan
electrodes, i.e., transparent electrodes. The sustain pe-
riod increases in the ratio of 2" (where, n=0,1,2,3,4,5,6,7)
in each sub-field. As described above, since the sustain
period is changed in each sub-field, image gray levels
are implemented by controlling the sustain period of each
sub-field, i.e., a sustain discharge number.

[0010] FIG. 3 shows a driving waveform depending on
the driving method of the conventional plasma display
panel.

[0011] As shown in FIG. 3, the plasma display panel

is driven with it being divided into a reset period for ini-
tializing all of the cells, an address period for selecting
cells to be discharged, a sustain period for sustaining the
discharge of the selected cells, and an erase period for
erasing wall charges within the discharged cells.

[0012] In a set-up period of the reset period, a ramp-
up pulse (Ramp-up) is applied to all of the scan electrodes
at the same time. The ramp-up pulse generates a dark
discharge within the discharge cells of the entire screen.
The set-up discharge causes positive wall charges to be
accumulated on the address electrodes and the sustain
electrodes, and negative wall charges to be accumulated
on the scan electrodes.

[0013] In a set-down period of the reset period, after
the ramp-up pulse is applied, a ramp-down pulse (Ramp-
down), which starts falling from a positive voltage lower
than a peak voltage of the ramp-up pulse up to a prede-
termined voltage level lower than a ground (GND) level
voltage, generates a weak erase discharge within the
cells, thereby sufficiently erasing wall charges excessive-
ly formed on the scan electrodes. The set-down dis-
charge causes wall charges of the degree in which an
address discharge can occur stably to uniformly remain
within the cells.

[0014] In the address period, while a negative scan
pulse is sequentially applied to the scan electrodes, a
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positive data pulse is applied to the address electrodes
in synchronization with the scan pulse. As a wall voltage
generated in the reset period is added to a voltage dif-
ference between the scan pulse and the data pulse, an
address discharge is generated within the discharge cells
to which the data pulse is applied. Wall charges of the
degree in which a discharge can occur when a sustain
voltage (Vs) is applied are formed within the cells select-
ed by an address discharge. The sustain electrode is
supplied with a positive voltage (Vz) to reduce between
the sustain electrode and the scan electrodes during the
set-down period and the address period so that an erro-
neous discharge is not generated between the sustain
electrode and the scan electrodes.

[0015] In the sustain period, a sustain pulse (SUS) is
alternately applied to the scan electrodes and the sustain
electrode. In cells selected by an address discharge, a
sustain discharge, i.e., a display discharge is generated
between the scan electrodes and the sustain electrodes
whenever a sustain pulse is added to the wall voltage
within the cell selected by the address discharge.
[0016] Afterthe sustaindischargefinishes, inthe erase
period, a voltage of an erase ramp pulse (Ramp-ers) hav-
ing a narrow pulse width and a low voltage level is applied
to the sustain electrodes, thereby erasing wall charges
remaining within the cells of the entire screen.

[0017] A discharge that may influence the implemen-
tation of the gray levels is the address discharge gener-
ating in the address period and the sustain discharge
generatinginthe sustain period. Light generated by these
discharges is radiated outwardly, thereby implementing
gray levels.

[0018] FIG. 4 illustrates a discharge affecting the im-
plementation of gray levels in the driving waveform
shown in FIG. 3.

[0019] As shownin FIG. 4, in a region A of the driving
waveform shown in FIG. 3, an address discharge is gen-
erated between the scan electrodes Y and the address
electrodes X in the address period. In a region B of the
driving waveform shown in FIG. 3, a sustain discharge
is generated between the scan electrodes Y and the sus-
tain electrode Z in the sustain period. Light generated by
the address discharge and the sustain discharge affects
the implementation of gray levels. Although a reset dis-
charge is generated in the reset period, the reset dis-
charge is generated within all of the discharge cells on
the plasma display panel. Therefore, light generated by
this reset discharge does not affect the implementation
of gray levels.

[0020] In such a conventional driving waveform, an in-
tegral multiple of a pair of sustain pulses is applied to the
scan electrodes and the sustain electrode in the sustain
period of each sub-field. Accordingly, gray levels are im-
plemented upon a display discharge. If the integral mul-
tiple of a pair of sustain pulses are applied as described
above, the amount of light generated during the sustain
period becomes excessive. As a result, a problem arises
in that the implementation of the gray levels is deterio-
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rated in low gray level sub-fields for implementing low
gray levels.

[0021] Another problem arises in that the picture qual-
ity is degraded since a substantial amount of half-tone
noise is generated by the conventional sustain discharge
and the address discharge.

[0022] FIG. 5 illustrates an example of a method of
implementing low gray levels of 1 or less in the driving
waveform shown in FIG 3.

[0023] Itis assumed that the light implemented by the
driving waveform in the first sub-field SF1 of FIG. 3 is
light implementing the gray level 2. As shown in FIG. 5,
the number of discharge cells C that are turned off and
discharge cells D that are turned on to implement gray
levels of 0.5 in a region comprising a total of 16 discharge
cells on the plasma display panel is controlled, thus gen-
erally implementing gray levels of 0.5. The reason why
light implemented by the driving waveform of FIG. 3 is
light implementing the gray level 2 is that it is assumed
that one sustain pulse implements the gray level 1 for
the convenience of this discussion. Since two sustain
pulses are supplied in the driving waveform of the first
sub-field SF1 of FIG. 3, a total of two gray levels is im-
plemented. Accordingly, one discharge cell that is turned
oninFIG. 5radiates light thatimplements two gray levels.
If a total of three discharge cells is turned off and one
discharge cell is turned on in a region 600 comprising
four discharge cells as shown in FIG. 5, the discharge
cells of each region 600 consisting of four discharge cells
implement a 0.5 gray level. This method employs a per-
son’s optical illusion phenomenon, which is one of half-
tone schemes.

[0024] In the conventional gray-level implementation
method, however, a difference in the brightness between
the discharge cells that are turned on and the discharge
cellsthat are turned off is relatively high due to an address
discharge and a sustain discharge formed as an integral
multiple of a pair of sustain pulses is applied. Since the
number of discharge cells that are turned on is relatively
smaller than the number of discharge cells that are turned
off, the picture quality spreads at the boundary portion
of images. Accordingly, problems arise in that significant
half-tone noise is generated and the picture quality is
degraded.

[0025] The present invention seeks to provide an im-
proved plasma display apparatus.

[0026] Embodiments of the present invention can pro-
vide a plasma display apparatus and driving method
thereof, in which the implementation of gray levels can
be enhanced by controlling the number of sustain pulses
applied in a sustain period of each sub-field.

[0027] Embodiments of the present invention can pro-
vide a plasma display apparatus and driving method
thereof, in which half-tone noise can be reduced.
[0028] In accordance with one aspect of the invention,
a plasma display apparatus comprises a plasma display
panel in which a scan electrode and a sustain electrode
are formed on a substrate, a scan driver driving the scan
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electrode, a sustain driver driving the sustain electrode
and a sustain pulse controller controlling the scan driver
and the sustain driver to set the number of sustain pulses
applied to the scan electrode and the sustain electrode
in at least one sub-field in a plurality of sub-fields in a
frame to an odd number.

[0029] According to another aspect of the invention,
there is provided a driving apparatus of a plasma display
panel in which a scan electrode and a sustain electrode
are formed on a substrate, comprising a scan driver driv-
ing the scan electrode, a sustain driver driving the sustain
electrode and a sustain pulse controller controlling the
scan driver and the sustain driver to set the number of
sustain pulses applied to the scan electrode and the sus-
tain electrode in at least one sub-field in a plurality of sub-
fields in a frame to an odd number.

[0030] According to another aspect of the invention,
there is provided a plasma display panel in which a scan
electrode and a sustain electrode are formed on a sub-
strate, wherein the panel is driven so that the number of
sustain pulses applied to the scan electrode and the sus-
tain electrode in at least one sub-field in a plurality of sub-
fields in a frame is an odd number.

[0031] According to another aspect of the invention,
there is provided a driving method of a plasma display
apparatus displaying an image with a plurality of sub-
fields, wherein a number of sustain pulses applied in at
least one sub-field of the plurality of sub-fields is an odd
number.

[0032] According to another aspect of the invention, a
plasma display apparatus comprises a plasma display
panel comprising a scan electrode and a sustain elec-
trode, a driver driving the scan electrode and the sustain
electrode and a driving controller controlling the driver to
set a bias voltage applied to the sustain electrode in an
address period of at least one of sub-fields constituting
a frame, to be different from the bias voltages which are
applied to the sustain electrode in address periods of the
remaining sub-fields.

[0033] According to another aspect of the invention,
there is provided a driving apparatus of a plasma display
panel comprising a scan electrode and a sustain elec-
trode, comprising a driver driving the scan electrode and
the sustain electrode and a driving controller controlling
the driver to set a bias voltage applied to the sustain
electrode in each address period of one or more low gray
level sub-fields of sub-fields constituting a frame, to be
less than the bias voltage applied to the sustain electrode
in each address period of the remaining sub-fields.
[0034] According to another aspect of the invention,
there is provided a plasma display panel comprising a
scan electrode and a sustain electrode, wherein a bias
voltage applied to the sustain electrode in each address
period of one or more low gray level sub-fields of sub-
fields constituting a frame, is set to be less than the bias
voltage applied to the sustain electrode in each address
period of the remaining sub-fields.

[0035] According to another aspect of the invention,
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there is provided a driving method of a plasma display
panel comprising a plurality of scan electrodes and sus-
tain electrodes, wherein a bias voltage applied to the sus-
tain electrode in each address period of one or more low
gray level sub-fields of sub-fields constituting a frame, is
set to be less than the bias voltage applied to the sustain
electrode in each address period of the remaining sub-
fields.

[0036] According to another aspect of the invention, a
plasma display apparatus comprises a plasma display
panel in which a scan electrode and a sustain electrode
are formed on a substrate, a scan driver driving the scan
electrode, a sustain driver driving the sustain electrode
and a sustain pulse controller controlling the scan driver
and the sustain driver to set the number of sustain pulses
applied to the scan electrode and the sustain electrode
in at least one sub-field in a plurality of sub-fields in a
frame to an odd number.

[0037] The at least one sub-field in which the odd
number of sustain pulses may be applied to the scan
electrode and the sustain electrode is from a first sub-
field which has the lowest brightness weight, to a fourth
sub-field.

[0038] When a sustain pulse is applied last to either
the scan electrode or the sustain electrode, an erase
waveform is applied to the scan electrode or the sustain
electrode to which the sustain pulse may not be supplied
last.

[0039] The plurality of sub-fields may comprise a sub-
field in which a sustain pulse is not applied.

[0040] According to another aspect of the invention,
there is provided a driving apparatus of a plasma display
panel in which a scan electrode and a sustain electrode
are formed on a substrate, comprising a scan driver driv-
ing the scan electrode, a sustain driver driving the sustain
electrode and a sustain pulse controller controlling the
scan driver and the sustain driver to set the number of
sustain pulses applied to the scan electrode and the sus-
tain electrode in at least one sub-field in a plurality of sub-
fields in a frame to an odd number.

[0041] According to another aspect of the invention,
there is provided a plasma display panel in which a scan
electrode and a sustain electrode are formed on a sub-
strate, wherein the panel is driven so that the number of
sustain pulses applied to the scan electrode and the sus-
tain electrode in at least one sub-field in a plurality of sub-
fields in a frame is an odd number.

[0042] According to another aspect of the invention,
there is provided a driving method of a plasma display
apparatus displaying an image with a plurality of sub-
fields, wherein a number of sustain pulses applied in at
least one sub-field of the plurality of sub-fields is an odd
number.

[0043] According to another aspect of the invention a
plasma display apparatus comprises a plasma display
panel comprising a scan electrode and a sustain elec-
trode, a driver driving the scan electrode and the sustain
electrode and a driving controller controlling the driver to
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set a bias voltage applied to the sustain electrode in an
address period of at least one of sub-fields constituting
a frame, to be different from the bias voltages which are
applied to the sustain electrode in address periods of the
remaining sub-fields.

[0044] The driving controller may set the bias voltage
applied to the sustain electrode in an address period of
a low gray level sub-field of the sub-fields to be less than
the bias voltages to the sustain electrode in address pe-
riods of the remaining sub-fields.

[0045] The driving controller may set the bias voltage
applied to the sustain electrode in the address period of
the low gray level sub-field to be more than a ground
level voltage and less than a sustain voltage.

[0046] A pair of sustain pulses may be supplied to the
scan electrode and the sustain electrode in a sustain pe-
riod of the low gray level sub-field.

[0047] One sustain pulse may be supplied to either the
scan electrode or the sustain electrode in the sustain
period of the low gray level sub-field.

[0048] A sustain pulse may not supplied to the scan
electrode and the sustain electrode in the sustain period
of the low gray level sub-field.

[0049] Thedriving pulse controller may control a ramp-
up pulse to be supplied to the scan electrode and then a
ramp-down pulse to be supplied to the scan electrode in
a reset period of the low gray level sub-field.

[0050] The driving pulse controller may control a pos-
itive voltage to remain constant in the scan electrode and
then a ramp-down pulse to be supplied to the scan elec-
trodes in a reset period in the low gray level sub-field.
[0051] The positive voltage may be a sustain voltage.
the frame comprises a plurality of low gray sub-fields, and
[0052] The driving controller may control a ramp-up
pulse to be supplied to the scan electrode and then a
ramp-down pulse to be supplied to the scan electrode,
in a reset period in one or more of the plurality of low gray
level sub-fields, and may control a positive voltage to
remain constant in the scan electrode and then a ramp-
down pulse to be supplied to the scan electrode, in each
reset period of the remaining low gray level sub-fields.
[0053] The frame may comprise a plurality of low gray
sub-fields, and a sustain pulse may not supplied to the
scan electrode and the sustain electrode in each sustain
period of one or more of the plurality of low gray level
sub-fields, and one sustain pulse may be supplied to ei-
ther the scan electrode or the sustain electrode in each
sustain period of the remaining low gray level sub-fields.
[0054] The frame may comprise a plurality of low gray
sub-fields, and the driving controller may set a bias volt-
age applied to the sustain electrode in each address pe-
riod of one or more of the plurality of low gray level sub-
fields to be different from the bias voltage applied to the
sustain electrode in each address period of the remaining
low gray level sub-fields.

[0055] The plurality of low gray level sub-fields com-
prises a first low gray level sub-field and a second low
gray level sub-field of which brightness weight may be
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more than the brightness weight of the first low gray level
sub-field, and the driving controller may control a bias
voltage applied to the sustain electrode in an address
period of the second low gray level sub-field to be more
than the bias voltage applied to the sustain electrode in
the address period of the first low gray level sub-field.
[0056] According to another aspect of the invention,
there is provided a driving apparatus of a plasma display
panel comprising a scan electrode and a sustain elec-
trode, comprising a driver driving the scan electrode and
the sustain electrode and a driving controller controlling
the driver to set a bias voltage applied to the sustain
electrode in each address period of one or more low gray
level sub-fields of sub-fields constituting a frame, to be
less than the bias voltage applied to the sustain electrode
in each address period of the remaining sub-fields.
[0057] According to another aspect of the invention,
there is provided a plasma display panel comprising a
scan electrode and a sustain electrode, wherein a bias
voltage applied to the sustain electrode in each address
period of one or more low gray level sub-fields of sub-
fields constituting a frame, is set to be less than the bias
voltage applied to the sustain electrode in each address
period of the remaining sub-fields.

[0058] According to another aspect of the invention,
there is provided a driving method of a plasma display
panel comprising a plurality of scan electrodes and sus-
tain electrodes, wherein a bias voltage applied to the sus-
tain electrode in each address period of one or more low
gray level sub-fields of sub-fields constituting a frame, is
set to be less than the bias voltage applied to the sustain
electrode in each address period of the remaining sub-
fields.

[0059] Embodiments of the invention will now be de-
scribed by way of non-limiting examples only, with refer-
ence to the drawings:

[0060] FIG. 1 illustrates the construction of a conven-
tional plasma display panel;

[0061] FIG. 2 illustrates a method of implementing im-
age gray levels in the conventional plasma display panel;

[0062] FIG. 3 shows a driving waveform depending on
the driving method of the conventional plasma display
panel;

[0063] FIG. 4 illustrates a discharge affecting the im-

plementation of gray levels in the driving waveform
shown in FIG. 3;

[0064] FIG. 5 illustrates an example of a method of
implementing low gray levels of 1 or less in the driving
waveform shown in FIG 3;

[0065] FIG. 6 shows the construction of a plasma dis-
play apparatus according to the present invention;
[0066] FIG. 7 shows a driving waveform for illustrating
a first embodiment of a driving method of a plasma dis-
play apparatus according to the present invention;
[0067] FIG. 8 shows a driving waveform for illustrating
a second embodiment of a driving method of a plasma
display apparatus according to the present invention;
[0068] FIG. 9 shows a driving waveform for illustrating
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improved picture quality of the driving method of the plas-
ma display apparatus according to the present invention;
[0069] FIG. 10 illustrates an example of a method of
implementing low gray levels of 1 or less using the driving
waveform shown in FIG. 9;

[0070] FIG. 11showsadrivingwaveform forillustrating
a third embodiment of a driving method of a plasma dis-
play apparatus according to the present invention;
[0071] FIG. 12 illustrates a discharge affecting the im-
plementation of gray levels in the driving waveform
shown in FIG. 11;

[0072] FIG. 13illustrates, in more detail, a bias voltage
(Vz) applied to sustain electrodes in an address period
in the driving waveform shown in FIG. 11;

[0073] FIG. 14 illustrates a method of implementing an
example of a method of implementing a decimal low gray
level of 1 orless in the driving waveform shown in FIG. 11;
[0074] FIG.15shows adriving waveform forillustrating
a fourth embodiment of a driving method of a plasma
display apparatus according to the present invention;
[0075] FIG. 16 illustrates an example of a method of
implementing a decimal low gray level of 1 or less in the
driving waveform shown in FIG. 15;

[0076] FIG. 17 showsadrivingwaveform forillustrating
a fifth embodiment of a driving method of a plasma dis-
play apparatus according to the present invention;
[0077] FIG. 18illustrates a method of implementing an
example of a method of implementing a decimal low gray
level of 1 or less in the driving waveform shown in FIG.
17; and

[0078] FIG. 19shows adriving waveform forillustrating
a sixth embodiment of a driving method of a plasma dis-
play apparatus according to the present invention.
[0079] Referring to FIG. 6, the plasma display appa-
ratus comprises a plasma display panel 100 having scan
electrodes Y1 to Yn and sustain electrodes Z, and a plu-
rality of address electrodes X1 to Xm intersecting the
scan electrodes Y1 to Yn and the sustain electrodes Z,
a data driver 122 for supplying data to the address elec-
trodes X1 to Xm formed in a lower substrate (not shown)
of the plasma display panel 100, a scan driver 123 for
driving the scan electrodes Y1 to Yn, a sustain driver 124
for driving the sustain electrodes Z, i.e., a common elec-
trode, a sustain pulse controller 126 for controlling the
number of sustain pulses in a sustain period of each sub-
field to increase the implementation of gray levels, a driv-
ing controller 121 for controlling the data driver 122, the
scan driver 123, the sustain driver 124 and the sustain
pulse controller 126 when the plasma display panel is
driven, and a driving voltage generator 125 for supplying
driving voltages necessary for the drivers 122, 123 and
124.

[0080] The plasmadisplay panel 100 comprises an up-
per substrate (not shown) and a lower substrate (not
shown), which are parallel to each other with a predeter-
mined distance therebetween. A number of electrodes,
such as the scan electrodes Y1 to Yn and the sustain
electrodes Z, are formed in pairs in the upper substrate.
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The address electrodes X1 to Xm intersecting the scan
electrodes Y1 to Yn and the sustain electrodes Z are
formed in the lower substrate.

[0081] Data supplied to the data driver 122 undergoes
inverse gamma correction and error diffusion through an
inverse gamma correction circuit (not shown), an error
diffusion circuit (not shown) and the like and are then
mapped to respective sub-fields by a sub-field mapping
circuit (not shown). The data driver 122 samples and
latches the data in response to a timing control signal
(CTRX) and then supplies the data to the address elec-
trodes X1 to Xm.

[0082] The scan driver 123 supplies a ramp-up pulse
(Ramp-up) and a ramp-down pulse (Ramp-down) to the
scan electrodes Y1 to Yn using a reset voltage (Vreset)
during a reset period, and sequentially supplies a scan
pulse (Sp) of a scan voltage (-Vy) to the scan electrodes
Y1 to Yn during the address period, under the control of
the driving controller 121. The scan driver 123 also sup-
plies a common scan voltage (Vscan-com) to the scan
electrodes otherthan a scan electrode on which scanning
is performed. The scan driver 123 supplies a sustain
pulse (SUS) to the scan electrodes Y1 to Yn while oper-
ating alternately with the sustain driver 124 during the
sustain period. The scan driver 123 also applies an erase
pulse (Verase) to the scan electrodes Y1 to Yn under the
control of the driving controller 121.

[0083] The sustain driver 124 supplies the ramp-up
pulse (Ramp-up) and the ramp-down pulse (Ramp-
down) to the sustain electrodes Z1 to Zn using the reset
voltage (Vreset) during the reset period under the control
of the driving controller 121, supplies a predetermined
bias voltage during an address period under the control
of the driving controller 121, and supplies the sustain
pulse (SUS) to the sustain electrodes Z while operating
alternately with the scan driver 123 during the sustain
period. The sustain driver 124 supplies the erase pulse
(Verase) to the sustain electrodes Z under the control of
the driving controller 121.

[0084] The sustain pulse controller 126 controls sus-
tain pulses applied in the sustain period depending on a
gray level value of data mapped to each sub-field in re-
sponse to a control signal of the driving controller 121.
That is, the sustain pulse controller 126 controls an inte-
gral multiple of a pair of the sustain pulses to be alter-
nately applied to the scan electrodes Y1 to Yn or the
sustain electrodes Z depending on a brightness weight
during a sustain period of a plurality of sub-fields com-
prised in one frame. The sustain pulse controller 126 ac-
cording to the present invention controls the scan driver
and the sustain driver to set the number of sustain pulses
applied to the scan electrode and the sustain electrode
in at least one sub-field in a plurality of sub-fields in a
frame to an odd number to increase the implementation
of the gray levels. The sustain pulse controller 136 can
be built in the scan driver 133 or the sustain driver 134.
[0085] The driving controller 121 receives vertical/hor-
izontal synchronization signals and a clock signal and
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generates timing control signals (CTRX, CTRY, CTRZ,
CTRERSH1) for controlling the operation timing and syn-
chronization of each of the drivers 122, 123 and 124 and
the sustain pulse controller 126 in the reset period, the
address period and the sustain period. The driving con-
troller 121 applies the timing control signals (CTRX,
CTRY, CTRZ, CTRERS1) to corresponding drivers 122,
123 and 124 and the sustain pulse controller 126, thus
controlling the drivers 122, 123 and 124 and the sustain
pulse controller 126. The driving controller 121 also con-
trols the scan driver 123 or the sustain driver 124 such
that the ramp-up pulse (Ramp-up) and the ramp-down
pulse (Ramp-down) are supplied to the scan electrodes
Y1 to Yn or the sustain electrodes Z during the reset
period. The driving controller 121 also controls the sus-
tain driver 124 so that the bias voltage applied to the
sustain electrodes Z in the address period is controlled
and the controlled bias voltage is applied to the sustain
electrodes Z.

[0086] That is, the driving controller 121 sets the bias
voltage applied to the sustain electrodes Z in the address
period of at least one of sub-fields constituting a frame,
to be different from the bias voltage which are applied to
the sustain electrodes in address periods of the remain-
ing sub-fields. Preferably, the driving controller 121 con-
trols the sustain driver 124 to set the bias voltage applied
to the sustain electrodes Z in an address period of a low
gray level sub-field of the sub-fields constituting the frame
to be less than the bias voltages to the sustain electrode
in address periods of the remaining sub-fields. The driv-
ing controller 121 controls the scan driver 123 or the sus-
tain driver 124 so that the erase pulse (Verase) is applied
to the scan electrodes Y or the sustain electrodes Z. As
described above, the driving controller 121 controls the
scan driver 123 or the sustain driver 124 such that the
ramp-up pulse (Ramp-up) and the ramp-down pulse
(Ramp-down) are supplied to the scan electrodes Y1 to
Yn or the sustain electrodes Z, if needed. The driving
controller 121 also controls the scan driver 123 or the
sustain driver 124 so that the erase pulse (Verase) is
supplied to an electrode to which the last sustain pulse
is not applied when an odd number of sustain pulses is
supplied in a sustain period of at least one or more of a
plurality of sub-fields to increase the implementation of
gray levels.

[0087] The data control signal (CTRX) comprises a
sampling clock for sampling data, a latch control signal,
and a switching control signal for controlling an on/off
time of an energy recovery circuit and a driving switch
element. The scan control signal (CTRY) comprises a
switching control signal for controlling an on/off time of
an energy recovery circuit and a driving switch element
within the scan driver 123. The sustain control signal
(CTRZ) comprises a switching control signal for control-
ling an on/off time of an energy recovery circuit and a
driving switch element within the sustain driver 124.
[0088] The driving voltage generator 125 generates
the reset voltage (Vreset), the common scan voltage (Vs-
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can-com), the scan voltage (-Vy), the sustain voltage
(Vs), the data voltage (Vd) and so on. These driving volt-
ages may be varied depending on the composition of a
discharge gas or the construction of a discharge cell.
[0089] A driving method of the plasma display appa-
ratus constructed above according to the present inven-
tion will be described below in detail.

[0090] Referring to FIG. 7, in the driving method of the
plasma display apparatus according to the first embodi-
ment, one frame period is time-divided into a plurality of
sub-fields SF1, SF2, SF3, SF4, ..., each comprising a
reset period, an address period and a sustain period.
Each of the sub-fields has a predetermined brightness
weight. This will be described below in more detail.
[0091] (First Sub-field)

[0092] In the reset period of the first sub-field SF1, a
high positive reset pulse or a set-up/set-down pulse
(RST) of ramp signal form, which has a predetermined
slope, is supplied to the sustain electrodes Z to generate
areset discharge within cells of the entire screen. As wall
charges are uniformly accumulated on the cells of the
entire screen by the reset discharge, a discharge char-
acteristic becomes uniform.

[0093] In the address period, a data pulse (DATA) is
supplied to the address electrodes X, and negative scan
pulses (-SCN) are sequentially supplied to the scan elec-
trodes Y in synchronization with the data pulse (DATA).
As a voltage difference between the scan pulse and the
data pulse are added to a wall voltage generated in the
reset period, an address discharge is generated within
cells to which the data pulse is applied.

[0094] In the sustain period, the sustain pulse is not
applied to the scan electrodes Y or the sustain electrodes
Z.

[0095] In the erase period, the erase pulse (erase) is
applied to the scan electrodes Y.

[0096] (Second Sub-field)

[0097] The address period of the second sub-field SF2
is the same as the address period of the first sub-field
SF1. In the sustain period, one sustain pulse (SUS) is
applied to either the scan electrodes Y or the sustain
electrodes Z, as shown in FIG. 7. When the sustain pulse
(SUS) is supplied to either the scan electrodes Y or the
sustain electrodes Z in the sustain period, in the erase
period, an erase pulse (erase), which has a ramp wave-
form, is applied to the scan electrodes Y or the sustain
electrodes Z to which the sustain pulse is not supplied.
[0098] (Third Sub-field)

[0099] The address period of the third sub-field SF3 is
the same as the address period of the first sub-field SF1.
The sustain pulse (SUS) can be alternately applied to
the scan electrodes Y and the sustain electrodes Z in the
sustain period. A number of sustain pulses applied to the
scan electrodes Y and the sustain electrode Z increases
as a brightness weight of a sub-field increases to imple-
ment high gray levels. In this case, the last sustain pulse
is supplied to either the scan electrodes(Y) or the sustain
electrodes(Z) in order that a total number of sustain puls-
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es applied in the sustain period may be an odd number.
[0100] Inthe erase period, when the last sustain pulse
(SUS) that is applied during a previous sustain period is
applied to either the scan electrodes Y or the sustain
electrodes Z, the erase pulse (erase), which has a ramp
waveform, is supplied to the scan electrodes Y or the
sustain electrodes Z to which the last sustain pulse (SUS)
is not supplied.

[0101] (Fourth Sub-field)

[0102] The address period of the fourth sub-field SF4
is the same as the address period of the first sub-field
SF1. In the sustain period, as in the third sub-field, an
odd number of the sustain pulses are applied to the scan
electrodes Y and the sustain electrodes Z.

[0103] The erase period of the fourth sub-field is also
the same as the erase period of the third sub-field SF3.
Description thereof will be omitted.

[0104] (Fifth, Sixth, Seventh, ... Sub-fields)

[0105] Though not shown in the drawing, the address
period of each of the fifth, sixth, seventh, ... sub-fields
SF5, SF6, SF7,... is the same as the address period of
the first sub-field SF1. In the sustain period, the sustain
pulse can be supplied alternately to the scan electrodes
Y and the sustain electrode Z. The odd number of the
sustain pulses can be supplied to the scan electrodes Y
and the sustain electrode Z as in the fourth sub-field SF4.
In the erase period, the erase pulse (erase) is supplied
to the sustain electrode Z. In the driving method of the
plasma display apparatus according to the first embodi-
ment of the present invention, at least one sub-field in a
plurality of sub-fields in a frame, in which the odd number
of sustain pulses are applied to the scan electrode and
the sustain electrode, is from a first sub-field which has
the lowest brightness weight, to a fourth sub-field. An odd
number of the sustain pulses can be supplied only in any
one of the sub-fields.

[0106] In the driving method of the plasma display ap-
paratus according to the first embodiment, if an odd
number of the sustain pulses are applied in the low gray
level sub-fields SF1 to SF4 having low brightness
weights, the amount of light generated by the odd number
of the sustain pulses can be controlled finely. Therefore
the implementation of gray levels improves. If the odd
number of the sustain pulses are applied in any one of
all of the sub-fields, the amount of light generated by the
sustain pulse can be controlled finely. Therefore the im-
plementation of gray levels improves.

[0107] The odd number of the sustain pulses can be
supplied only in the lowest low gray level sub-field to in-
crease the implementation of gray levels. And the imple-
mentation of gray levels can be increased through vari-
ous methods by applying an odd number of sustain puls-
esin the sustain period in any sub-field having any bright-
ness weight.

[0108] Referring to FIG. 8, in the driving method of the
plasma display apparatus according to the second em-
bodiment, one frame period is time-divided into a plurality
of sub-fields SF1, SF2, SF3, SF4, ..., each comprising a
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reset period, an address period and a sustain period, as
in FIG. 7. Each of the sub-fields is set to have a prede-
termined brightness weight. This will be described below
in more detail.

[0109] (First Sub-field)

[0110] In the reset period of the first sub-field SF1, a
positive reset pulse or a set-up/set-down pulse (RST) of
a ramp waveform, which has a predetermined slope, is
supplied to the sustain electrodes Z to generate a reset
discharge within cells of the entire screen. As wall charg-
es are uniformly accumulated on the cells of the entire
screen by the reset discharge, a discharge characteristic
becomes uniform.

[0111] In the address period, a data pulse (DATA) is
supplied to the address electrodes X, and negative scan
pulses (-SCN) are sequentially supplied to the scan elec-
trodes Y in synchronization with the data pulse (DATA).
As a voltage difference between the scan pulse and the
data pulse are added to a wall voltage generated in the
reset period, an address discharge is generated within
cells to which the data pulse is applied.

[0112] In the sustain period, one sustain pulse (SUS)
is supplied to either the scan electrodes Y or the sustain
electrodes Z.

[0113] Inthe erase period, when the one sustain pulse
(SUS) is supplied to either the scan electrodes Y or the
sustain electrode Z in the sustain period, the erase pulse
(erase) which has a ramp waveform, is supplied to the
scan electrodes Y or the sustain electrodes Z to which
the one sustain pulse is not supplied.

[0114] (Second Sub-field)

[0115] The address period of the second sub-field SF2
is the same as the address period of the first sub-field
SF1. In the sustain period, the sustain pulses (SUS) are
alternately supplied to the scan electrodes Y and the sus-
tain electrodes Z. A number of sustain pulses applied to
the scan electrodes Y and the sustain electrode Z in-
creases as a brightness weight increases to implement
high gray levels. In this case, the last sustain pulse is
supplied to either the scan electrodes or the sustain elec-
trode so that a total number of sustain pulses applied in
the sustain period is an odd number.

[0116] Inthe erase period, when the last sustain pulse
(SUS) is supplied to either the scan electrodes Y or the
sustain electrode Z during a sustain period, the erase
pulse (erase), which has a ramp waveform, is supplied
to the scan electrodes Y or the sustain electrodes Z to
which the last sustain pulse (SUS) is not supplied.
[0117] (Third and Fourth Sub-fields)

[0118] The address period of each of the third and
fourth sub-fields SF3 and SF4 is the same as the address
period of the first sub-field SF1. In the sustain period, the
odd number of the sustain pulses (SUS) are supplied to
the scan electrodes Y and the sustain electrode Z as in
the second sub-field SF2.

[0119] The erase period is also the same as the erase
period of the third sub-field SF3. Description thereof will
be omitted.
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[0120] (Fifth, Sixth, Seventh, ... Sub-fields)

[0121] Though not shown in the drawing, the address
period of each of the fifth, sixth, seventh, ... sub-fields
SF5, SF6, SF7, ... is the same as the address period of
the first sub-field SF1. In the sustain period, the sustain
pulse can be supplied to the scan electrodes Y and the
sustain electrode Z, and the odd number of the sustain
pulses are supplied to the scan electrodes Y and the
sustain electrode Z as in the third and fourth sub-fields
SF3and SF4. Inthe erase period, the erase pulse (erase)
is supplied to the sustain electrode Z.

[0122] In the driving method of the plasma display ap-
paratus according to the first embodiment, a sustain
pulse is not supplied to the scan electrodes and the sus-
tain electrodes in the first sub-field. In the driving method
of the plasma display apparatus according to the second
embodiment, asustain pulseis supplied to eitherthe scan
electrodes or the sustain electrodes in the first sub-field.
However, in the driving method of the plasma display
apparatus according to the second embodiment, the im-
plementation of gray levels can be enhanced since the
odd number of the sustain pulses are applied in the low
gray level sub-fields SF1 to SF4 having low brightness
weights and the amount of light generated by the sustain
pulses can be finely controlled, as in the firstembodiment.
[0123] As shown in FIG. 9, to further improve the pic-
ture quality in the low gray levels according to the driving
method, the number of sustain pulses supplied in the
sustain period is set to one.

[0124] Accordingly, assuming thatthe lightimplement-
ed by the driving waveform of FIG. 9 is the light imple-
menting a gray level 1 as shown in FIG. 10, where a gray
level of 0.25 is to be implemented in a region consisting
of a total of 16 discharge cells on a plasma display panel,
the gray level of 0.25 is generally implemented by con-
trolling the number of discharge cells C that are turned
off and discharge cells D that are turned on. The reason
why the light implemented by the driving waveform of
FIG. 9 is the light implementing the gray level 1 is that
one sustain pulse implements the gray level 1 for the
convenience of this discussion. That is, in the driving
waveform of FIG. 9, a total of one gray level is imple-
mented since one sustain pulse is supplied.

[0125] InFIG. 10, one discharge cell that is turned on
implements the light implementing a gray level of 1.
Where a gray level of 0.25 is to be implemented in a
region comprising a total of 16 discharge cells on a plas-
ma display panel as in FIG. 10, the gray level of 0.25 is
generally implemented by controlling the number of dis-
charge cells C that are turned off and discharge cells D
that are turned on. For example, as in a region of refer-
ence numeral 800, if three discharge cells is turned off
and one discharge cell is turned on in a region 800 com-
prising four discharge cells, the light generated in the
region 800 becomes the light for implementing the gray
level 1. Accordingly, each discharge cell of the region
800implements the gray level of 0.25. In the driving meth-
od according to the present invention, finer low gray lev-
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els can be implemented and half-tone noise decreases
since a difference in the brightness between the dis-
charge cells that are turned on and discharge cells that
are turned off is relatively small, compared to the con-
ventional method shown in FIG. 5.

[0126] <Embodiment 3>

[0127] Referring to FIG. 11, in the driving method of
the plasma display apparatus according to the third em-
bodiment, a bias voltage applied to the sustain electrode
Z in the address period in a low gray level sub-field of
total sub-fields in a frame is less than the bias voltages
in the remaining sub-fields. In this embodiment, the bias
voltage is more than a ground level voltage (GND), but
less than a sustain voltage (Vs). The aforementioned low
gray level sub-field is, in this embodiment, a sub-field in
which a pair of sustain pulses are supplied to the scan
electrodes Y and the sustain electrode Z in the sustain
period, of sub-fields of a frame. This low gray level sub-
field is not limited to the sub-field in which the pair of
sustain pulses is supplied in the sustain period, as shown
FIG. 11, but an odd number of sustain pulses can be
supplied in the sustain period of the low gray level sub-
field. Description thereof will be given in more detail in
the following embodiments.

[0128] InFIG. 11, the lowest gray level is implemented
so that the number of sustain pulses supplied in the sus-
tain period is 2 and a positive bias voltage (Vz) applied
to the sustain electrode Z in the address period is less
than the bias voltages of the remaining sub-fields. For
example, while the bias voltage (Vz) applied to the sus-
tain electrode Z in the address period is less than the
bias voltages of the remaining sub-fields, a number of
sustain pulses supplied to the scan electrodes Y is set
to "1" and a number of sustain pulses supplied to the
sustain electrode Z is also set to "1".

[0129] If the bias voltage (Vz) applied to the sustain
electrode Z in the address period is set to be less than
the bias voltages of the remaining sub-fields as described
above, an address discharge that is generated between
a scan pulse supplied to the scan electrodes Y and a
data pulse supplied to the address electrodes X during
the address period weakens. The address discharge
weakens because the number of wall charges participat-
ing in an address discharge, which is generated between
the scan electrodes and the address electrodes, de-
creases by reducing a difference in a voltage between a
scan pulse applied to the scan electrodes and a sustain
pulse applied to the sustain electrodes at a point of time
when the address discharge is generated in the address
period. Accordingly, the amount of light generated in the
address period decreases.

[0130] Since the address discharge generating in the
address period is weak, the amount of wall charges ac-
cumulated within discharge cells decreases. The amount
of light generated by a sustain pulse in a subsequent
sustain period also decreases. As a result, by reducing
the amount of the bias voltage (Vz) applied to the sustain
electrodes in the address period, the amount of light gen-
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erated by one lowest gray level sub-field can be reduced
further compared to the case of FIG. 3 in the related art.
[0131] Adischarge that may affect the implementation
of the gray levels in the case of FIG. 11 is the address
discharge generated in the address period and the sus-
tain discharge generated in the sustain period. Light gen-
erated by this discharge is radiated outwardly to imple-
ment the gray levels. Thatis, the gray levels in the driving
waveform as shown in FIG. 11 are determined by the
light generated by an address discharge and a sustain
discharge. As described above, a discharge influencing
gray levels will be described in conjunction with FIG. 11.
[0132] Referring to FIG. 12, in a region A of the driving
waveform showninFIG. 11, an address discharge is gen-
erated between the scan electrodes Y and the address
electrodes X in the address period. In a region B of the
driving waveform shown in FIG. 11, a sustain discharge
is generated between the scan electrodes Y and the sus-
tain electrode Z in the sustain period. When comparing
FIG. 12 with the conventional FIG. 4, it can be seen that
theintensity ofthe address discharge generated between
the scan electrodes Y and the address electrodes X and
the sustain discharge generated between the scan elec-
trodes Y and the sustain electrode Z weakens. In the
driving waveform of FIG. 11, a discharge is generated
by a reset discharge in the reset period, but the reset
discharge is generated within all of the discharge cells
on the plasma display panel. Therefore, the light gener-
ated by the reset discharge does not influence the im-
plementation of the gray levels.

[0133] Thereason why the intensity of the address dis-
charge and the sustain discharge weakens as in FIG. 12,
compared to the prior art, is that the bias voltage (Vz)
applied to the sustain electrode in the address period has
decreased. Such a bias voltage (Vz) will now be de-
scribed in more detail with reference to FIG. 13.

[0134] Referring to FIG. 13, in the driving method ac-
cording to the present invention, the bias voltage (Vz)
applied to the sustain electrode Z in the address period
is less than an existing bias voltage (Vz). The lowest crit-
ical value is a value that prevents a wall voltage between
the scan electrodes Y and the address electrodes X in
the address period from becoming less than an address
discharge firing voltage necessary for an address dis-
charge. This is because if the bias voltage (Vz) applied
to the sustain electrode Z in the address period becomes
too low in the present invention, wall charges accumu-
lated between the scan electrodes Y and the address
electrodes X decreased and an address discharge is not
generated accordingly. To be more specific, the bias volt-
age (Vz) applied to the sustain electrode Z in the address
period is more than the ground level voltage (GND), but
less than the sustain voltage (Vs).

[0135] The reset period in the above-mentioned low
gray level sub-field will be described. As in FIG. 11, a
ramp-up pulse can be supplied to the scan electrodes in
a set-up period, and a ramp-down pulse can be supplied
to the scan electrodes in a set-down period.
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[0136] However,toreduce the amount of the light gen-
erated in the above-described low gray level sub-field, in
the present embodiment, the ramp-up pulse in the reset
pulse is omitted. For example, in a reset period of a low
gray level sub-field, a positive voltage remains constant
in the scan electrodes in a set-up period and a ramp-
down pulse is supplied to the scan electrodes in a set-
down period. The positive voltage is the sustain voltage
(Vs) of FIG. 11. However, the ramp-up pulse need not
be omitted.

[0137] If a ramp-up pulse is omitted in a reset pulse of
alow gray level sub-field as described above, the amount
of light generated in the low gray level sub-field can be
further decreased and the implementation of a low gray
level is further increased.

[0138] An example of a method of implementing a low
gray level of 1 or less, i.e., a decimal gray level using the
driving waveform of FIG. 11 will be described below with
reference to FIG. 14.

[0139] Referring to FIG. 14, since the address dis-
charge and the sustain discharge by the driving wave-
form of the invention shown in FIG. 11 are weakly gen-
erated compared to the address discharge and the sus-
tain discharge by the conventional driving waveform
shown in FIG. 3, the amount of light generated by the
discharge cells, shown in FIG. 14, that are turned on by
the driving waveform of FIG. 11 is less than the amount
of light generated by the discharge cells, shown in FIG.
5, that are turned on by the driving waveform of FIG. 3.
For example, assuming that one discharge cell in FIG. 5
generates the light implementing a gray level of 2, one
discharge cell that is turned on in FIG. 14 generates the
light implementing the gray levels which is less than "2".
[0140] In Fig.14, one discharge cell that is turned on
generates the lightimplementing a gray level of 1. Where
agray level of 0.5 is to be implemented in a region having
a total of 16 discharge cells on a plasma display panel
asinFIG. 5,the gray level of 0.5 is generally implemented
by controlling the number of the discharge cells C that
are turned off and the discharge cells D that are turned on.
[0141] For example, the total light, which is generated
from a region 1300 having four discharge cells as shown
in a region 1300 by turning off two discharge cells and
turning on two discharge cells in the region, becomes the
light forimplementing a gray level of 2. Accordingly, each
of the discharge cells of the region 1300 implements a
gray level of 0.5. If this pattern of FIG. 13 is compared
with FIG. 5, the same gray level of 0.5 can be implement-
ed using further divided patterns.

[0142] Thatis, a difference in the brightness between
the discharge cells that are turned on and the discharge
cells that are turned off decreases and the size of a unit
region on a plasma display panel, for performing half-
tone for implementing a predetermined decimal gray lev-
el, decreases. Therefore, it is possible to implement a
finer picture quality. Also, the generation of half-tone
noise, such as the spreading of the picture quality at
boundary portions of images, decreases.
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[0143] A method of decreasing the bias voltage (Vz)
applied to the sustain electrodes in the address period
and setting the number of sustain pulses supplied in the
sustain period to be an odd number, to further improve
the picture quality in a low gray level, will be described
below in connection with a driving method of the plasma
display apparatus according to a fourth embodiment.
[0144] <Embodiment 4>

[0145] Referring to FIG. 15, in the driving method of
the plasma display apparatus according to the fourth em-
bodiment, a bias voltage applied to the sustain electrode
Z in the address period in a low gray level sub-field of
the sub-fields of a frame is less than the bias voltages of
the remaining sub-fields. The bias voltage can be more
than the ground level voltage (GND), but less than the
sustain voltage (Vs). In the third embodiment of the
present invention, in a sustain period of a low gray level
sub-field, an integral multiple of a pair of sustain pulses
are supplied to the scan electrodes Y and the sustain
electrodes Z. However, in the fourth embodiment, an odd
number of sustain pulses are supplied to the scan elec-
trodes Y and the sustain electrodes Z. In the sustain pe-
riod of the low gray level sub-field, one sustain pulse can
be supplied to any one of the scan electrodes Y and the
sustain electrode Z.

[0146] InFIG. 15, the lowest gray level is implemented
so that the number of sustain pulses supplied in the sus-
tain period is set to "1" and a positive bias voltage (Vz)
applied to the sustain electrode Z in the address period
is less than the bias voltage of the remaining sub-fields.
For example, while the bias voltage applied to the sustain
electrode Z in the address period is set to be less than
the bias voltages of the remaining sub-fields, a number
of the sustain pulse supplied to the scan electrodes Y is
setto 1. Any sustain pulses are not supplied to the sustain
electrode Z.

[0147] If the number of sustain pulses supplied in the
sustain period is set to 1 as described above, the amount
of light generated in the sustain period can be decreased
in comparison to the first embodiment of the above-men-
tioned driving method.

[0148] An example of a method of implementing a low
gray level of 1 or less, i.e., a decimal gray level using the
driving waveform of FIG. 15 will be described below with
reference to FIG. 16.

[0149] Referring to FIG. 16, since the address dis-
charge and the sustain discharge are weakly generated
compared to the thirdembodiment of FIG. 14, the amount
of light generated by the discharge cells that are turned
on by the driving waveform of FIG. 15 is less than the
amount of light of the third embodiment. For example,
assuming that one discharge cell in FIG. 14 generates
the lightimplementing a gray level of 1, the one discharge
cell that is turned on in FIG. 16 generates the light im-
plementing a gray level which is less than "1".

[0150] It is assumed that one discharge cell that is
turned on in FIG. 16 generates the light implementing a
gray level of 0.5. Where a gray level of 0.25 is to be
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implemented in a region having a total of 16 discharge
cells on a plasma display panel as shown in FIG. 15, the
gray level of 0.25 is generally implemented by controlling
the number of discharge cells C that are turned off and
the discharge cells D that are turned on.

[0151] For example, the total light, which is generated
from a region 1500 having four discharge cells as shown
in a region 1500 by turning off two discharge cells and
turning on two discharge cells in the region, becomes the
light forimplementing a gray level of 1. Accordingly, each
of the discharge cells of the region 1500 implements a
gray level of 0.25. If this pattern of FIG. 15 is compared
with FIG. 8, the same gray level of 0.25 can be imple-
mented using further divided patterns.

[0152] Thatis, a difference in the brightness between
the discharge cells that are turned on and the discharge
cells that are turned off decreases and the size of a unit
region on a plasma display apparatus, for performing
half-tone forimplementing a predetermined decimal gray
level, decreases. The half-tone noise, such as the
spreading of the picture quality at boundary portions of
images, also decreases. Therefore it is possible to im-
plement a finer picture quality.

[0153] A method of decreasing the bias voltage (Vz)
applied to the sustain electrodes in the address period
and not supplying sustain pulses supplied in the sustain
period, to further improve the picture quality in a low gray
level, will be described below in connection with a driving
method of the plasma display apparatus according to a
fifth embodiment.

[0154] <Embodiment 5>

[0155] Referring to FIG. 17, in the driving method of
the plasma display apparatus according to the fifth em-
bodiment, a bias voltage applied to the sustain electrode
Z in the address period in a low gray level sub-field of
the sub-fields of a frame is less than the bias voltage of
the remaining sub-fields. The bias voltage can be more
than the ground level (GND), but less than the sustain
voltage (Vs). Unlike the driving method of the plasma
display apparatus according to the first and second em-
bodiments, a low gray level sub-field is a sub-field in
which a sustain pulse is not supplied to any one of the
scan electrodes Y and the sustain electrode Z in a sustain
period of sub-fields of a frame.

[0156] InFIG. 17, the lowest gray level is implemented
by preventing the supply of the sustain pulse in the sus-
tain period and setting the positive bias voltage (Vz) ap-
plied to the sustain electrode Z in the address period less
than the bias voltage of the remaining sub-fields. For ex-
ample, while the bias voltage applied to the sustain elec-
trode Z in the address period is set to be less than the
bias voltages of other sub-fields, the sustain pulse is not
supplied to the scan electrodes Y and the sustain elec-
trode Z.

[0157] If the supply of the sustain pulse in the sustain
period is prevented, as described above, the amount of
light generated in the sustain period decreases in com-
parison to the third and fourth embodiments of the above-
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mentioned driving method.

[0158] Referring to FIG. 18, since the address dis-
charge and the sustain discharge are weakly generated
compared to the fourth embodiment of FIG. 16, the
amount of light generated by the discharge cells that are
turned on by the driving waveform of FIG. 18 is less than
that of the fourth embodiment of FIG. 16. For instance,
assuming that one discharge cell in FIG. 16 generates
light implementing a gray level of 0.5, one discharge cell
that is turned on in FIG. 18 generates light implementing
a gray level which is less than "0.5".

[0159] It is assumed that one discharge cell that is
turned on in FIG. 18 implements the light implementing
a gray level of 0.25. Where a gray level of 0.25 is to be
implemented in a region having a total of 16 discharge
cells on a plasma display panel as in FIG. 16, if the entire
discharge cells are turned on, the gray level of 0.25 can
be implemented in the region having a total of 16 dis-
charge cells. When comparing this pattern of FIG. 18 with
the pattern of FIG. 16 for implementing the same gray
level of 0.25, half-tone noise is not generated since THE
discharge cells that are turned off do not exist.

[0160] To further improve the implementation of gray
levels in a low gray level, a sub-field where the bias volt-
age (Vz) applied to the sustain electrode in the address
period is reduced can be plural within one frame. This
will be described in connection with a driving method of
the plasma display panel according to a sixth embodi-
ment.

[0161] <Embodiment 6>

[0162] Referring to FIG. 19, in the driving method of
the plasma display apparatus according to the sixth em-
bodiment, a bias voltage applied to the sustain electrode
Z in the address period in a low gray level sub-field of
sub-fields of a frame is less than the bias voltage of the
remaining sub-fields. The bias voltage can be more than
the ground level voltage (GND), but less than the sustain
voltage (Vs). Unlike the driving method of the plasma
display apparatus according to the third, fourth and fifth
embodiments, a low gray level sub-field is plural within
one frame.

[0163] That is, in the third, fourth and fifth embodi-
ments, a case where one low gray level sub-field is com-
prised in one frame has been shown and described. In
the sixth embodiment, however, a low gray level sub-field
within one frame is plural. In this case, one or more of
the above-mentioned plurality of low gray level sub-fields
are sub-fields in which a sustain pulse is not supplied to
the scan electrodes Y and the sustain electrode Z in the
sustain period, and the remaining low gray level sub-
fields are sub-fields in which one sustain pulse is supplied
to any one of the scan electrodes Y and the sustain elec-
trode Z in the sustain period.

[0164] Forexample, as shownin FIG. 19, two low gray
level sub-fields are comprised in one frame. One of the
plurality of low gray level sub-fields, i.e., the first sub-field
is a sub-field in which the sustain pulse is not supplied
to the scan electrodes Y and the sustain electrode Z in
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the sustain period Z, and the remaining low gray level
sub-fields, i.e., the second sub-field is a sub-field in which
one sustain pulse is supplied to any one of the scan elec-
trodes Y and the sustain electrode Z in the sustain period.
[0165] Where a plurality of low gray level sub-fields is
comprised in one frame as described above, the picture
quality in a low gray level can be further improved when
implementing images.

[0166] If a plurality of low gray level sub-fields is com-
prised in one frame as described above, a bias voltage
applied to the sustain electrode Z in the address period
in one or more of the plurality of low gray level sub-fields
can be different from the bias voltage of the remaining
low gray level sub-fields. For example, as shown in FIG.
19, when the number of low gray level sub-fields is two,
i.e., a first sub-field and a second sub-field are the low
gray level sub-fields, a bias voltage applied to the sustain
electrode Z in an address period of the first sub-field and
a bias voltage applied to the sustain electrode Z in an
address period of the second sub-field are different from
each other.

[0167] Preferably, a bias voltage applied to the sustain
electrode Z in an address period of a second low gray
level sub-field whose brightness weight is more than a
first low gray level sub-field, of the plurality of low gray
level sub-fields, is more than the bias voltages of the first
low gray level sub-field. For example, when the first sub-
field and the second sub-field are low gray level sub-
fields as in FIG. 19, a bias voltage applied to the sustain
electrode Z in an address period of the first sub-field
whose brightness weight is less than the second sub-
field is less than the bias voltage of the second sub-field.
[0168] The reason why a bias voltage applied to the
sustain electrode in an address period of a low gray level
sub-field whose brightness weight is less than the re-
maining gray level sub-fields, of a plurality of low gray
level sub-fields, is less than those of the remaining gray
level sub-fields, as described above, is to further enhance
the implementation of a low gray level by weakening an
address discharge in a low gray level sub-field whose
brightness weight is low, of a plurality of low gray level
sub-fields.

[0169] Where a plurality of low gray level sub-fields are
comprised in one frame, a ramp-up pulse is supplied to
a scan electrodes Y in a set-up period of a reset period
and aramp-down pulse is supplied to the scan electrodes
Y in a set-down period of the reset period, in one or more
of the plurality of low gray level sub-fields. In the remain-
ing low gray level sub-fields, a positive voltage remains
constant in the scan electrodes Y in the set-up period of
the reset period, and a ramp-down pulse is supplied to
in the scan electrodes Y in the set-down period of the
reset period. In this case, the above-described positive
voltage can be the sustain voltage (Vs).

[0170] For example, where the first sub-field and the
second sub-field are low gray level sub-fields as shown
in FIG. 19, a ramp-up pulse is supplied to the scan elec-
trodes Y in a set-up period and a ramp-down pulse is



23

supplied to the scan electrodes Y in a set-down period,
in a reset period of the first sub-field. In a reset period of
the second sub-field, a positive voltage remains constant
in the scan electrodes Y in the set-up period and the
ramp-down pulse is supplied to the scan electrodes Y in
the set-down period.

[0171] As described above, in embodiments of the
presentinvention, atleast one or more sub-fields in which
an odd number of sustain pulses is supplied in a sustain
period of a plurality of sub-fields are provided. Accord-
ingly, a finer gray level is implemented and the picture
quality is improved.

[0172] In embodiments of the present invention, half-
tone noise when implementing a low gray level can de-
crease by controlling the amount of a bias voltage applied
to a sustain electrode. Therefore, it is possible to improve
the picture quality.

[0173] While the presentinvention has been described
with reference to the particular illustrative embodiments,
it is not to be restricted by the embodiments but only by
the appended claims. It is to be appreciated that those
skilled in the art can change or modify the embodiments
without departing from the scope of the present invention.

Claims
1. A plasma display apparatus, comprising:

aplasmadisplay panelin which a scan electrode
and a sustain electrode are formed on a sub-
strate;

a scan driver driving the scan electrode;

a sustain driver driving the sustain electrode;
and

a sustain pulse controller controlling the scan
driver and the sustain driver to set the number
of sustain pulses applied to the scan electrode
and the sustain electrode in at least one sub-
field in a plurality of sub-fields in a frame to an
odd number.

2. The plasma display apparatus as claimed in claim
1, wherein the at least one sub-field in which the odd
number of sustain pulses are applied to the scan
electrode and the sustain electrode is from a first
sub-field which has the lowest brightness weight, to
a fourth sub-field.

3. The plasma display apparatus as claimed in claim
1, wherein when a sustain pulse is applied last to
either the scan electrode or the sustain electrode,
an erase pulse is applied to the scan electrode or
the sustain electrode to which the sustain pulse is
not supplied last.

4. The plasma display apparatus as claimed in claim
1, wherein the plurality of sub-fields comprises a sub-
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10.

1.

24
field in which a sustain pulse is not applied.

A driving apparatus of a plasma display panel in
which a scan electrode and a sustain electrode are
formed on a substrate, comprising:

a scan driver driving the scan electrode;

a sustain driver driving the sustain electrode;
and

a sustain pulse controller controlling the scan
driver and the sustain driver to set the number
of sustain pulses applied to the scan electrode
and the sustain electrode in at least one sub-
field in a plurality of sub-fields in a frame to an
odd number.

A plasma display panel in which a scan electrode
and a sustain electrode are formed on a substrate,
wherein the panel is driven so that the number of
sustain pulses applied to the scan electrode and the
sustain electrode in at least one sub-field in a plurality
of sub-fields in a frame is an odd number.

A driving method of a plasma display apparatus dis-
playing an image with a plurality of sub-fields,
wherein a number of sustain pulses applied in atleast
one sub-field of the plurality of sub-fields is an odd
number.

A plasma display apparatus, comprising:

a plasma display panel comprising a scan elec-
trode and a sustain electrode;

a driver driving the scan electrode and the sus-
tain electrode; and

a driving controller controlling the driver to set a
bias voltage applied to the sustain electrode in
an address period of at least one of sub-fields
constituting a frame, to be different from the bias
voltages which are applied to the sustain elec-
trode in address periods of the remaining sub-
fields.

The plasma display apparatus as claimed in claim
8, wherein the driving controller sets the bias voltage
applied to the sustain electrode in an address period
of a low gray level sub-field of the sub-fields to be
less than the bias voltages to the sustain electrode
in address periods of the remaining sub-fields.

The plasma display apparatus as claimed in claim
9, wherein the driving controller sets the bias voltage
applied to the sustain electrode in the address period
of the low gray level sub-field to be more than a
ground level voltage and less than a sustain voltage.

The plasma display apparatus as claimed in claim
9, wherein a pair of sustain pulses are supplied to
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13.

14.

15.

16.

17.

18.

19.

25

the scan electrode and the sustain electrode in a
sustain period of the low gray level sub-field.

The plasma display apparatus as claimed in claim
9, wherein one sustain pulse is supplied to either the
scan electrode or the sustain electrode in the sustain
period of the low gray level sub-field.

The plasma display apparatus as claimed in claim
9, wherein a sustain pulse is not supplied to the scan
electrode and the sustain electrode in the sustain
period of the low gray level sub-field.

The plasma display apparatus as claimed in claim
9, wherein the driving pulse controller controls a
ramp-up pulse to be supplied to the scan electrode
and then a ramp-down pulse to be supplied to the
scan electrode in a reset period of the low gray level
sub-field.

The plasma display apparatus as claimed in claim
9, wherein the driving pulse controller controls a pos-
itive voltage to remain constant in the scan electrode
and then a ramp-down pulse to be supplied to the
scan electrodes in areset period in the low gray level
sub-field.

The plasma display apparatus as claimed in claim
15, wherein the positive voltage is a sustain voltage.

The plasma display apparatus as claimed in claim
8, wherein the frame comprises a plurality of low gray
sub-fields, and

the driving controller controls a ramp-up pulse to be
supplied to the scan electrode and then aramp-down
pulse to be supplied to the scan electrode, in a reset
period in one or more of the plurality of low gray level
sub-fields, and controls a positive voltage to remain
constantinthe scan electrode and then aramp-down
pulse to be supplied to the scan electrode, in each
reset period of the remaining low gray level sub-
fields.

The plasma display apparatus as claimed in claim
8, wherein the frame comprises a plurality of low gray
sub-fields, and

a sustain pulse is not supplied to the scan electrode
and the sustain electrode in each sustain period of
one or more of the plurality of low gray level sub-
fields, and

one sustain pulse is supplied to either the scan elec-
trode or the sustain electrode in each sustain period
of the remaining low gray level sub-fields.

The plasma display apparatus as claimed in claim
8, wherein the frame comprises a plurality of low gray
sub-fields, and

the driving controller sets a bias voltage applied to
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20.

21.

22,

23.

26

the sustain electrode in each address period of one
or more of the plurality of low gray level sub-fields to
be different from the bias voltage applied to the sus-
tain electrode in each address period of the remain-
ing low gray level sub-fields.

The plasma display apparatus as claimed in claim
19, wherein the plurality of low gray level sub-fields
comprises a first low gray level sub-field and a sec-
ond low gray level sub-field of which brightness
weight is more than the brightness weight of the first
low gray level sub-field, and

the driving controller controls a bias voltage applied
to the sustain electrode in an address period of the
second low gray level sub-field to be more than the
bias voltage applied to the sustain electrode in the
address period of the first low gray level sub-field.

A driving apparatus of a plasma display panel com-
prising a scan electrode and a sustain electrode,
comprising:

a driver driving the scan electrode and the sus-
tain electrode; and

a driving controller controlling the driver to set a
bias voltage applied to the sustain electrode in
each address period of one or more low gray
level sub-fields of sub-fields constituting a
frame, to be less than the bias voltage applied
to the sustain electrode in each address period
of the remaining sub-fields.

A plasma display panel comprising a scan electrode
and a sustain electrode,

wherein a bias voltage applied to the sustain elec-
trode in each address period of one or more low gray
level sub-fields of sub-fields constituting a frame, is
set to be less than the bias voltage applied to the
sustain electrode in each address period of the re-
maining sub-fields.

A driving method of a plasma display panel compris-
ing a plurality of scan electrodes and sustain elec-
trodes,

wherein a bias voltage applied to the sustain elec-
trode in each address period of one or more low gray
level sub-fields of sub-fields constituting a frame, is
set to be less than the bias voltage applied to the
sustain electrode in each address period of the re-
maining sub-fields.
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